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ABSTRACT 
 
 The developments of the membrane process for gas separation now get 
attention especially for commercial industry. The aim of this study is to determine 
the effect of concentration of additive in Polyvinylidene Fluoride (PVDF) dope 
solution and to study the performance and characteristic properties of fabrication of 
membrane for CO2/N2 gas separation. In this research the N-methyl-2-pyrrolidinone 
(NPM) is used as solvent and Lithium Nitrate (LiNO3) is used as addictive. The ratio 
of PVDF/NMP/H2O is 15 wt% PVDF/82 wt% NMP/3 wt% H2O for dope solution. 
The different quantities of additive with different concentration are added to dope 
solution (0.2wt%, 1.8%wt and 5wt %). For the physical and chemical 
characterization membrane, the Scanning Electron Microscopy (SEM) and Fourier 
Transform Radiation (FTIR) will be used. These researches have to calculate the gas 
permeability and the selectivity after single gas permeation test with different 
pressure. The PVDF membrane with good condition in term of selectivity, chemical 
stability, and thermal stability for CO2/N2 was developed. Refer to SEM analysis, the 
reducing of clear image for finger-like pores and sponge-like structure  as 0.2wt% 
LiNO3 > 1.8wt% LiNO3 > 5wt% LiNO3. As the percentage of additive increase, the 
image of pores and structure will be less clearly. Compare to morphology image 
without additive, 15wt% PVDF membrane pore and structure is quite larger and 
longer. The additional of additive resulting the pore and structure become smaller. 
Membrane with additive of 5wt% LiNO3 into the dope solution could form the 
membrane stronger strain strength than the PVDF commercial membrane. For FTIR 
analysis, membranes without additive have the functional group of alkenes, alkyl 
halide and aromatic group. Membranes with additive have the functional group of 
alkenes, alkyl halide, aromatic, amine and nitro group. Gas permeation analysis, 
0.2wt% LiNO3 produces a high performance for gas separation. It has a higher 
permeability and selectivity result. The relation of gas permeation test and SEM 
morphology test is the larger pore on cross section membrane will be cause the good 
permeability on CO2/N2 pure gas. Permeability of membrane with additive is give a 
high performance compared with membrane which does not have additive.  
Keywords: Polyvinylidene Fluoride, Lithium Nitrate, Additive, Membrane, Gas 
Separation 
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ABSTRAK 
 
 Perkembangan proses membran untuk pemisahan gas kini mendapat 
perhatian terutama bagi industri komersial. Tujuan kajian ini adalah untuk 
menentukan kesan kepekatan tambahan Fluorida Polyvinylidene (PVDF) dalam 
larutan dope dan untuk mengkaji prestasi dan sifat-sifat fabrikasi membran untuk 
CO2/N2 pemisahan gas. Dalam kajian ini N-metil-2-pyrrolidinone (NPM) digunakan 
sebagai pelarut dan Nitrat Litium (LiNO3) sebagai tambahan. Nisbah 
PVDF/NMP/H2O adalah 15% berat PVDF/82% berat NMP/ 3% berat H2O untuk 
larutan dope. Kuantiti and kepekatan yang berbeza aditif ditambah kepada larutan 
dope (0.2wt%, 1.8wt% dan 5wt%). Untuk pencirian membran fizikal dan kimia, 
Mikroskopi Elektron Imbasan (SEM) dan Fourier Transform Sinaran (FTIR) akan 
digunakan. Membran dengan keadaan baik PVDF dalam jangka selektiviti, 
kestabilan kimia, dan kestabilan haba untuk CO2/N2 telah dibangunkan. SEM 
analisis, mengurangkan imej yang jelas seperti liang jari dan span struktur sebagai 
0.2wt%LiNO3> 1.8wt%LiNO3> 5wt%LiNO3. Semakin peratusan tambahan menaik, 
imej liang dan struktur akan menjadi kurang jelas. Bandingkan imej morfologi tanpa 
aditif, 15wt% PVDF liang membran dan struktur adalah agak besar dan panjang. 
Tambahan aditif yang mengakibatkan liang dan struktur menjadi lebih kecil. 
Membrane dengan tambahan (5wt% LiNO3) ke dalam penyelesaian dadah boleh 
membentuk tekanan membran kekuatan lebih kuat daripada membran PVDF 
komersial. FTIR analisis, membran tanpa bahan tambah mempunyai kumpulan 
berfungsi alkena, alkil halida dan aromatik. Membran dengan tambahan mempunyai 
kumpulan berfungsi alkena, alkil halida, aromatik, Amine dan nitro. Analisis Gas 
penyerapan, 0.2wt% LiNO3 menghasilkan prestasi tinggi untuk pemisahan gas. Ia 
mempunyai kebolehtelapan yang lebih tinggi dan hasil selektiviti. Hubungan ujian 
penyerapan gas dan SEM ujian morfologi adalah liang yang lebih besar di atas 
membran keratan rentas akan menyebabkan kebolehtelapan yang baik pada CO2/N2 
gas tulen. Kebolehtelapan membran dengan tambahan adalah memberi prestasi yang 
tinggi berbanding dengan membran yang tidak mempunyai tambahan. 
Kata Kunci: Fluorida Polyvinylidene, Nitrat Litium, Additive, Membrane, 
Pemisahan Gas 
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CHAPTER I 
 
 
INTRODUCTION 
 
 
This chapter will give the ideas about the significant of the research formulation. 
This first chapter will cover up the subtopic of background of study or information, 
problem statement, research objectives, research questions, scope of proposed research, 
expected outcomes and significance of the proposed research. 
 
 
1.1  Background of Study 
 
 The topic of this research is to study the effect of hydrophobicity of PVDF 
membrane on CO2/N2 separation. The development of separation of gas mixtures using 
membrane process has exhibited a remarkable progress during the last two decades. The 
reason why there are strong interest toward the synthesis of gas separation membrane 
are the materials provided is better selectivity, chemical stability and thermal stability 
than those that already exist. In addition, nonpolymeric and inorganic membrane has 
attraction in recent years in studies aimed at upgrading the performance materials for 
gas separation. 
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 PVDF is short term for polyvinylidene fluoride, which are a pure thermoplastic 
fluoropolymer and a highly non-reactive. PVDF is generally used in applications 
requiring the highest purity, strength, and resistance to solvents, acids, bases and heat 
and low smoke generation during a fire event. Furthermore, PVDF is an especially for 
plastic material in the highest purity, strength, and resistance to solvents, acids, bases 
and heat and low smoke generation during a fire event. The properties of PVDF are 
explained in context of chemical properties, physical properties and structure of PVDF. 
The IUPAC name of polyvinylidene fluoride is poly-1, 1-difluoroethene. The melting 
point of PVDF is around 177 °C. The density of it is 1.78. PVDF is typically 50–60% 
crystalline and has a glass transition temperature (Tg) of about -35 °C. The appearance 
of PVDF is basically in whitish or translucent solid. The mechanical properties of 
polyvinylidene fluoride is oriented to molecular chains and poled under tension. 
Furthermore, the thermal conductivity of PVDF is 1.39 Btu/hr-.ft-deg F. The important 
properties of PVDF is water absorption (230 deg C, 10 Kg) is < 0.04 gm/10 min. 
 
 Based to the topic, study the effect of hydrophobicity of PVDF membrane on 
CO2/N2 separation, there has explanation about hydrophobicity aspect. The 
hydrophobicity is the physical property of a molecule that will repelled from a mass of 
water. Hydrophobic molecules prefer to be non-polar molecule and also non-polar 
solvents. The molecule tends to bonding with itself because they are unable to form 
hydrogen bond. It will cause the hydrophobic interaction which in itself is misleadingly 
named as the energetic force comes from the hydrophilic molecules. The two 
immiscible phase (hydrophilic vs. hydrophobic) will change, so their corresponding 
interfacial area will be minimal. This can call phenomenon of phase separation. 
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 The PVDF membrane is more get attention as membrane material because it has 
more outstanding properties such as thermal stability, high mechanical strength; 
chemical resistance and high hydrophobicity compare other polymeric materials. PVDF 
membrane also applied in ultrafiltration and microfiltration for general separation 
purpose and now currently explored as potential candidates in the application of 
membrane contractor and membrane distillation. In addition, PVDF particularly 
microporous membranes can use to exhibit high efficiency for particle removal. PVDF 
also can be used for western blots for immobilization of proteins because of its non-
specific affinity for amino acids. 
 
1.2  Problem Statement 
 
 The global climate change is a big concern especially in concept of the CO2 
emission from the combustion of fossil fuels in power plants. The CO2 capture 
technique is used in order to overcome the global climate problem. The PVDF as 
hydrophobic polymers is suggested to be contactors for CO2 capture. This membrane 
has a high degree of hydrophobicity and strong chemical resistance. Furthermore, the 
PVDF is a polymer which gains more attention to industry as a potential membrane 
material recently.  Basically, the PVDF have characteristic as a high hydrophobic nature 
and excellent chemical resistance. The fabrication of PVDF membrane is the way to 
develop a better and good kind of polymeric membrane in order for gas separation 
industry. The development of PVDF membrane would be improve the performance of 
the existing membrane in term of chemical, physical and other characteristics. 
Moreover, the addictive were selected specifically to study the effect addictive on the 
membrane performance. The characteristic of hydrophobicity of PVDF was study by 
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adding the additive in the polymer. The roles of different additives vary in different 
polymer/solvent/non-solvent systems. 
 
1.3  Research Objectives 
 
1. To develop PVDF membrane with lithium nitrate as additive. 
2. To study performance of fabrication of membrane for CO2/N2 separation 
process. 
3. To characterise the physical and chemical properties of the PVDF membrane. 
 
1.4  Scope of Research 
 
1. Study the effect of additives LiNO3 with different concentration on the 
fabrication of PVDF. 
2. Study the performance of PVDF membrane using single gas permeation test 
using different pressure (0.5 bar, 1.0 bar, 1.5 bar) 
3. Characterize the membrane using SEM and FTIR. 
 
1.5  Rationale and Significant 
 
 The fabrication of PVDF membrane is important for development of membrane 
for gas separation process. The fabrication of PVDF membrane with better condition of 
characteristic is needed in the industrial sector to reduce the overall cost operation cost. 
The economic country will be increase in order increases the development of production 
of good quality of membrane. The addition of LiNO3 as additive into the dope solution 
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could be form the PVDF membrane good performance in term of strain strength than 
the PVDF commercial membrane nowadays.  
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CHAPTER II 
 
 
LITERATURE REVIEW 
 
 
2.1 Concept of Membrane 
 
2.1.1 History of Membrane 
 
 According to Gwen V. (2001), the history of existence membrane begins 
when the early 1930’s-40’s, Danielli and davson studied triglyceride lipid bilayers 
over a water surface. They found the triglyceride lipid bilayers arranged themselves 
with the polar heads facing outward. Figure 2.1 show the Danielli and Davson 
model. The model of membrane show the triglyceride lipid bilayers arranged 
themselves.  
 
